Recent investigations have suggested that the renal enzyme, renin, plays a homeostatic role in the maintenance of normal blood pressure, since its concentration in the blood increases in a variety of hypotensive states, including shock due to hemorrhage (1 to 5). It seemed desirable to re-study this phenomenon in unanesthetized animals in order to avoid the complicating factor of anesthesia and to make additional studies on its mechanism and its action. Accordingly, observations have also been made in nephrectomized dogs, and in animals responding favorably or unfavorably to transfusion after hemorrhage. The blood of all animals studied has been assayed for hypertensinogen, since, on theoretical grounds, an increase in the concentration of renin in the blood might result after a time in a decrease in the concentration of hypertensinogen.
METHODS
Twenty normal and 4 nephrectomized street dogs, weighing from 6.3 to 16.0 kgm., were rendered hypotensive by hemorrhage. In all but 3 dogs, no anesthetic was used except morphine sulphate, 2 mgm. per kgm., sometimes combined with atropine sulphate, 0.5 to 1.0 mgm., given intramuscularly; this served to keep the animals quiet but awake and responsive. In 4 dogs, nephrectomy was performed by the lumbar approach, under novocaine anesthesia, 10 to 70 minutes before hemorrhage was produced.
The animals were generally bled in amounts equal to 4 to 5 per cent of body weight, the volume withdrawn depending on the level of the blood pressure. It was attempted to maintain the blood pressure between 50 and 75 mm. Hg, during a period of several hours before death or 1 The work described in this paper was spontaneous recovery occurred. In 10 instances, the effect of transfusions was studied. Samples of blood were withdrawn at intervals from the femoral artery for the determination of renin, hypertensinogen, total protein, and hematocrit. The blood was chilled immediately and then (6) . Hog renin was prepared according to the method of Braun-Menendez and co-workers (7). The renin content of plasma was, determined by a modification of the direct method of Leloir et al. (8) . In early experiments, results were irregular after the injection of extracts of 8 to 15 cc. of plasma used for assay. In later experiments, the plasma was freed from many of its toxic substances, by dialysis for 24 hours against tap water at 50 C., and then incubated in the usual manner. The results by this modification were satisfactory. The amount of plasma used in testing was usually 8 cc. The concentration of hypertensinogen in 4 cc. of plasma was determined as described by Leloir and co-workers (9 (Table I, Figures 1, 3) . In 3 animals which recovered, following transfusion (dogs 16, 19, 20), slight but definite increase in the concentration of hypertensinogen occurred. DISCUSSION Hamilton and Collins (1, 2) reported the appearance of pressor properties in the renal venous blood and, less markedly, in the renal arterial blood of dogs after hemorrhage, after injection of histamine, and after adrenalectomy. The pressor properties resembled those of either renin or hypertensin (angiotonin). Sapirstein, Ogden, and Southard (3) found that in dogs after hemorrhage, the circulating blood had a renin-like action on guinea pig ileum, but the renal origin of this property was (10) and by Lewis and Goldblatt (11, 12) . Although no renin was observed in the blood of these animals by the former investigators, it seemed possible that the decrease in the concentration of hypertensinogen in the blood of adrenalectomized animals might be attributable to its destruction by small amounts of renin, present in the blood as a result of hypotension, but not in sufficient amounts to be detected by the technique employed. Sapirstein, Southard, and Ogden (13) reported that the administration of renin-activator (hypertensinogen) to dogs in hemorrhagic shock resulted in an elevation of blood pressure which did not occur following the injection of a similar amount of gelatin solution. A diminution in the concentration of hypertensinogen in blood was noted by Leloir et al. (14) in an intact dog in shock following plasmapheresis. Collins and Hamilton (15) observed a decrease in its concentration in the plasma of dogs, after severe hemorrhage and after adrenalectomy, but this did not occur if the kidneys had been previously removed.
Our experiments confirm previous observations that in severe hypotension from hemorrhage, renin is liberated in easily detectable amounts into the systemic blood. This may possibly occur as a compensatory measure for maintaining the normal blood pressure. In many of the experiments, blood gas analyses were carried out and demonstrated the usual progressive decrease in the oxygen content of venous blood and markedly in- Leloir et al. (9) , and was attributed to the absence of circulating renin. It is not known whether the synthesis of hypertensinogen is reduced in shock, but this may well be the case, since the synthesis of plasma protein has been shown to be decreased in shock (16 failure to increase the hypertensinogen concentration of plasma by transfusion was presumably due to its almost immediate conversion to hypertensin by the great excess of circulating renin. While any colloidal solution will restore blood volume in shock due to hemorrhage, the use of those containing a high titer of hypertensinogen might conceivably be of value in supplying an adequate source of hypertensinogen for the synthesis of hypertensin. SUMMARY 1. A study has been made of the renal humoral pressor mechanism, in unanesthetized dogs in shock, from the removal of 4 to 5 per cent of the body weight of blood.
2. It -is confirmed that readily detectable amounts of renin appear in the circulating plasma.
3. The concentration of hypertensinogen in plasma decreases in severe hemorrhagic shock, sometimes to extremely low levels. Since in shocked dogs which had been nephrectomized, the concentration of hypertensinogen remained unchanged or increased, it is assumed that its diminution in shocked dogs with intact kidneys is due mainly or solely to the presence of excessive amounts of renin.
4. Transfusion of 4 to 5 per cent of body weight of whole blood, with nearly its normal titer of hypertensinogen, did not increase the concentration of hypertensinogen in plasma appreciably, presumably due to its almost immediate conversion to hypertensin by the large amount of circulating renin.
5. The renal humoral pressor mechanism is considered to represent a compensatory measure, on the part of the body, to maintain normal blood pressure in dogs rendered hypotensive by hemorrhage.
6. This mechanism functions inadequately, however, due to the inability of the organism to synthesize hypertensinogen as rapidly as it is converted to hypertensin by the large excess of circulating renin.
